Colorectal cancer is the third most common cause of cancer deaths all over the globe. The most extensively exploited formulation strategy for colon targeted drug delivery systems (CDDS) has been the employment of enteric coatings. The pH differential in the different segments of the gastrointestinal tract is the basic triggering factor for pH--sensitive polymers. The release through these systems also depends on the transit time of the formulation through the small intestine (1, 2). Thus, an optimized enteric coat is desired for drug release in the colon. The site of drug release is tailored by modulating the thickness of the coat (3). For the purpose of targeting drugs to the colon, the solid dosage forms such as tablets, microparticulates, capsules and pellets are generally coa- The study was carried out to establish the effectiveness of a mixed film composed of ethylcellulose/Eudragit S100 for colonic delivery of 5-flourouracil (5-FU). Tablets cores containing 5-FU were prepared by direct compression method by coating at different levels (2-9 %, m/m) with a non-aqueous solution containing ethylcellulose/ Eudragit S100. Coated tablets were studied for the in vitro release of 5-FU and the samples were analyzed spectrophotometrically at 266 nm. Drug release from coated systems depended on the thickness of the mixed film and the composition of the core. Channel formation was initiated in the coat by dissolution of the Eudragit S100 fraction at higher pH in the colonic region. The release was found to be higher in tablets containing Avicel as filler owing to its wicking action compared to that from lactose containing cores. Furthermore, batches containing superdisintegrant (1 %, m/m Cross-PVP) along with Avicel in the core released approximately 81.1 % drug during the colonic transit time. Kinetic studies indicated that all the formulations followed first-order release kinetics. The developed delivery system will expectedly deliver the drug to the colon.
ted with a pH-sensitive polymer. These are the preferred pharmaceutical dosage forms due to their relatively low cost of production and the ease of manufacture compared to other more complex delivery systems (4) . Much emphasis is currently being laid on the development of mixed film coated systems, in which a combination of a release retardant hydrophobic material and a hydrophilic material is employed to exploit the desired benefits of each. The rationale behind adding a water-soluble fraction to the coat is to assist in the generation of aqueous channels after a desired lag phase. These aqueous pores help drug release in the colon. Various reports discussing the importance of the use of polysaccharides as the desired hydrophilic pore formers have been published to date (5, 6) . Wackerly and co-workers (7) have studied in detail the effect of mixed films composed of ethylcellulose and pectin on the colonic delivery of paracetamol. As ethylcellulose is a hydrophobic polymer, addition of a hydrophilic fraction to the coat results in site-specific delivery of the drug through the aqueous pores formed by dissolution of the pectin fraction of the film in the last segment of the GIT due to activity of pancreatic enzymes.
The objective of the present study was to develop a novel mixed film coated system composed of an appropriate combination of a hydrophobic polymer (e.g., ethylcellulose) and an enteric polymer (e.g., Eudragit S100) to achieve maximal drug release in the proximal segment of the colon. Considering the high applicability and usefulness of enteric polymers in the development of CDDSs, an enteric polymer was selected as the pore former in the study. 5-Fluorouracil (5-FU) was chosen as the model drug. 5-FU is one of the most widely used agents in the first-line chemotherapy of colorectal cancer (8) . As 5-FU is an extremely water soluble moiety, premature release of the drug in the upper segment of the GIT is associated with many deleterious effects. Site-specific delivery of 5-FU to the colon will also overcome the side-effects associated with the parenteral delivery of the drug, which includes gastrointestinal toxicity, hematological and neural disorders and cardiac manifestations (9) . Furthermore, to achieve complete release of the drug candidate at the site of action a small concentration of superdisintegrant (Cross-PVP) was also introduced into the core (10) . The influence of using various fillers, viz., spray dried lactose and Avicel, was also studied.
EXPERIMENTAL

Preparation of 5-FU core tablets
Core tablets containing 250 mg of 5-FU were prepared by conventional direct compression of the drug with different fillers, viz., spray dried lactose (SDL) and microcrystalline cellulose (Avicel PH102). Batches containing two different levels of Cross-PVP as superdisintegrant were also prepared. Magnesium stearate (1 %) and talc (2 %) were used as glidant and lubricant, respectively. Weighed quantities of excipients were thoroughly mixed with the drug by geometric addition in a mortar for about 10 minutes. Pre-sieved magnesium stearate and talc were then added and further blended for 2 minutes. The homogeneous mixture thus obtained was weighed individually (350 mg) and fed manually into the die of a single punch tablet machine (Modern Engineering, India) equipped with 9.7-mm deep concave punches.
Preparation of coating solution
The coating solution (6.0 %, m/V) containing ethylcellulose/Eudragit S100 in the ratio 1:1 was prepared in a mixture of ethanol and isopropyl alcohol (1:3) using dibutyl phthalate (10 %, m/m) as the plasticizer. The solution was stirred on a mechanical stirrer for a sufficient period of time to obtain a clear solution.
Coating of the core tablets
All the batches were coated at different levels in the range from 2 to 9 %, m/m of the initial tablet mass, using the pan coating method and dried with hot air with an inlet air temperature of 35-45°C. The coating process was continued in order to obtain the desired level of coat mass. The percent coat mass gain (CMG) for all the bathes is given in Table I .
In vitro release studies
To study the in vitro release profile of the drug, the dissolution test was carried out on all the formulations according to the USP 27 (11) method for delayed release tablets (method A). Dissolution studies were carried out using a USP apparatus type-II, i.e., paddle type, at 50 rpm and at a temperature of 37 ± 0.5°C. Initial studies were carried out in 750 mL of 0.1 mol L -1 HCl (pH 1.2) for 2 hours, followed by addition of 250 mL of 0.2 mol L -1 trisodium orthophosphate, in order to obtain a final pH of 6.8 in the medium. Samples were withdrawn at predetermined time intervals and replaced with fresh media for 24 h. All the dissolution studies were performed in triplicate, i.e., three tablets representative of each batch were studied. They were then analyzed using a UV-spectrophotometer (Shimadzu-1601, Japan) at l max of 266 nm. 
Drug release kinetics
In order to study the mechanism of drug release from the prepared matrix tablets, the release data obtained was evaluated using zero-order release kinetics (Eq. 1), first order kinetics (Eq. 2), Higuchi's square root of time equation (Eq. 3) (12), Korsemeyer and Peppas equation (Eq. 4) (13) and Hixon-Crowell's cube root of time equation (Eq. 5) (14) .
where M t is the amount of drug dissolved in time t, M 0 is the initial amount of drug in the solution, k 0 is the zero-order release rate constant and t is the release time,
where M t is the amount of drug dissolved in time t, M 0 is the initial amount of drug in the solution, k is the first-order release rate constant and t is the release time,
where M t is the amount of drug dissolved in time t, k h is the Higuchi dissolution constant and t is the release time,
where, M t and M ¥ are the cumulative amount of drug released at time t and infinite time, respectively; k s is a constant incorporating structural and geometric characteristics of the device, and n is the drug release exponent, indicative of the mechanism of drug release. The values of n assigned to a cylinder are 0.45 for Fickian diffusion and 0.45 < n < 0.89 for non-Fickian diffusion, respectively.
where M 0 is the initial amount of drug in the formulation, M t is the amount remaining at any time t and k s is the constant incorporating the surface-volume relation, in the Hixon-Crowell model.
RESULTS AND DISCUSSION
Physical Evaluation
The tablets showed good hardness (6-8 kg cm -2 ) and low friability (< 0.3 %). The concentration of 5-FU in all the batches was 71.4 % (m/m). All the prepared batches passed the uniformity of concentration test with 99.9 ± 0.6 % of absolute concentration. Disintegration time of the coated tablets was recorded in phosphate buffer (pH 6.8). The core tablets containing SDL disintegrated within 15 minutes; however the batches containing MCC PH102 disintegrated into fragments within 5 minutes. This is attributed to the fast wicking rate of MCC for water which aids in rapid disintegration of tablet formulations (15) . The uncoated tablet cores containing 1 % Cross-PVP disintegrated more rapidly, within 2.75 minutes. However, the coated tablets remained intact when exposed to disintegration studies for 2 h in 0.1 mol L -1 HCl followed by 1 h in phosphate buffer (pH 8), indicating the effectiveness of the coat.
In vitro release
The in vitro release data obtained indicated that the rate of release of 5-FU is inversely proportional to the thickness of the coat, suggesting that the film coat controls the release process. The initial stage of drug release is probably due to the slow diffusion through the ethylcellulose phase. The main reason proposed for the rise in drug release after 6 h is the formation of aqueous pores in the film due to dissolution or the Eudragit S100 fraction at an alkaline pH in the intestine. The core excipients used in the current study also had a significant impact on the dissolution rate of the drug. Lack of drug release (i.e., < 4 % in 24 h) was observed in batches MF1A, B and C, containing SDL as filler. The in vitro release profiles of batches MF2A, MF2B and MF2C containing Avicel as filler indicated satisfactory results by preventing premature drug release in the initial segment of the GIT to less than 2 % in the initial 6 h, followed by significant release in the colon. The results for dissolution studies carried out on various formulations are shown in Fig. 1a . This increase in 5-FU release in the last segment of the study is due to the formation of a channel in the coat due to the dissolution of the Eudragit S100 fraction in the alkaline microenvironment of the large intestine. Dissolution of this fraction of the film generates pores which aid in the percolation of the media inside the core and dissolution of the drug. Thus, after 10 h, 22.5 ± 0.1, 19.3 ± 1.1 and 2.9 ± 0.1 % of 5-FU was released from batches MF2A, MF2B and MF2C, respectively. At the end of 24 h, approximately 47.2 ± 0.6, 34.6 ± 1.1 and 12.0 ± 0.4 % of the drug was released from batches MF2A, MF2B and MF2C, respectively. Thus, MF2A formulation had a significantly higher release of 5-FU compared to all the other formulations tested. It was concluded that Avicel acted as a disintegrating agent within these ethylcellulose/Eudragit-S100 film structures. Owing to its fast wicking rate for water, it aids in faster disintegration of tablet formulations (16) . However, in spite of the initial retardation, the Avicel cores were not able to release the drug completely. To overcome this limitation and to achieve a complete release of 5-FU in the colonic region, a small amount of superdisintegrant was added to the core.
Effect of superdisintegrant
Cross-PVP (1 %) was added as a superdisintegrant to the tablet core containing Avicel as filler in order to increase drug release by rapid bursting of the tablet in the colonic region. Tablets containing 1 %, m/V, Cross-PVP in the core were coated with a blend of ethylcellulose/Eudragit-S100 (1:1) at three different levels (MF3A, MF3B and MF3C). The cumulative percent release observed for the batches is shown in Fig. 1b . Optimum release profile was obtained for batch MF3B, containing 1 % cross-PVP, Avicel and coated with 5.8 % (m/V) of ethylcellulose/Eudragit S100 (1:1). This formulation showed 10.9 ± 7.6 % release in the initial 5 hours followed by approximately 80 % release during the colon transit time, i.e., from 5 to 24 h. It was postulated that the pH-dependent dissolution of the Eudragit-S100 fraction generates pores in the film structure through which Fig. 1 . Cumulative percent release of 5-fluorouracil coated at three levels with a mixture of ethylcellulose/Eudragit-S100 (1:1) from: a) core tablets containing different fillers, viz., spray dried lactose (MF1A-C) and Avicel (MF 2A-C) and b) from superdisintegrant containing core tablets coated at three levels (MF 3A-C). Mean ± SD, n = 3. the dissolution medium percolates into the core and interacts with the superdisintegrant present in the core. The superdisintegrant has the tendency to absorb aqueous fluids quickly, which results in bursting of the drug release from the tablet at latter time points. This ensures complete drug release in the colonic segment of the GIT.
Kinetics of drug release
Values of the coefficient of determination for all the release models obtained are as given in Table II . A comparative study of these values clearly showed that the first-order model was the best-fit model for all the batches prepared during the study irrespective of the nature of the filler or the presence or absence of the superdisintegrant. The values of regression in the first-order model (i.e., R 2 ) were close to unit in all cases. This is attributed to the dissolution of the Eudragit S100 fraction of the film, which leads to the formation of aqueous pores that facilitate drug dissolution proportional to the concentration of the drug present in the core. Typically, all the water soluble drugs generally follow the first-order release mechanism (17) .
CONCLUSIONS
The present findings suggest that the developed mixed film coated system exploits the benefits offered by both polymers used in the film. Both ethylcellulose and Eudragit S100 synergistically prevent premature release of 5-FU owing to their hydrophobicity and pH dependent solubility, respectively. The presence of Eudragit S100 simply accelerates pore formation by dissolving in the alkaline pH and therefore enhancing release of 5-FU in the colonic region. In addition, there is probably a significant contribution from the superdisintegrant as the drug/excipient core gradually dissolves. The results of this study have shown that ethylcellulose/Eudragit S100 combinations, when used as film coating agents, may be valuable in colonic drug delivery. 
